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observation tlm t-ih ls  oar fa  so tead* to  contrset i t s e l f ,  in to
the s&slla&t area p o ss ib le , a eireui&stsace iM e i lias been.:- 
erroneously ascribed to s  f surface feus Ion** In point o f  foot  
the contraction i s  mot brought clout 'b y  the surface layer, hut
byfch©se molecules-■ Ic&adlately below it : tr y in g  to arrange,-;..- 
r L iters to'.that th eir  valency forces ©re neutral Iced a s-far
possib le*  This su rface oo 't ra c t io n  i s .  In  f a c t , ,  a very - I- 
■cceod Instance o f  bulk action by a largo number- ©f."particles#
The propagation Of hast throughcat the body o f a liq u id  '. 
i s  s im i la r  i© th e  p r o c e s s  q u o ted  f o r  a  s o l i d , - h u t .  i s  m o d if ie d  
by th e  fa c t , t h a t  & p r o p o r tio n  o f . I t  may o ccu r  b y " d ir e c t . -••■■•
; colli®  lorn: mole sales*--' I t  i a  outcome ©f. th is  certain
Individuals nmm the surface may" acquire su ff ic ie n t  energy to. 
©vor.com# the su rf me©' f ie ld  o f • force and voyage o f f  in to  space, 
an' e ffect-' istxl#la I s  .t-erre i fevaporationt Should. there already  
he .sioleetil*# present' 1 in s cpuoo c o ll is io n s  are. bound ..to n--.- , 
occur w ith the result" toat rna&y- molecules arc diverted- beck. - 
a-^ih Irt© tli# 'liquid a 3 to becore recaptured or *cor##smedf * 
i l i t t l e  eouelderatlo' < i l l  -demonstrate that w ith  steady,- .1 • 
torperature,.-'I*©.* -jeean le v e l  o f a g it  a t I ©a, the- process# $ © f- 
cor^ensatloa mM -evaporation w ill^so  adjust' thfssselv#.# -as to- 
be exaetiy  s p t i ' In m agn ltu d*.:The impacts o f  the ■-.©03de**el*g 
p a r tic le s  produce ' a * vapour' pressure * the magnitude o f  xhleh  
i s  ob fioasly  -a ..function o f the liq u id  terp#ritur@* '\ —
The eateeaa amount o f  energy th a t  th e  evaporating?- molecule 
has . to  acqu ire  over th&t o f  I t s ' eorp&rlons in  order io  overcome
i^ c ir  f ie ld  o f  force representt "*la ten t ho&t of evaporation*. 1 
. fhculd-- • the -‘freed  molecules be allowed to d iffu se  away ' from, the 
liq u id  evaporstiom' goes on ■ continuously and * ebu llition*  May - 
be- observed.. ■ The la t te r  occurs at. -...the' teis^eratur® -.where, th©' 
vapour prss&uro o f the liq u id  becomes equal to  the p ressu re'. 
o f .- the . atmosphere in  contact with I t .- ; ...The * sen sib le  heat* o f  
.-a ..l iq u id 'is ,-o f  course, tlx# w an /energy o f  the molecules within  
■Its body and :.ls d ir e c t ly  proportional.to  t€irparatnr#~
- - Th# molecules - co^nosing a vapour-.have, in  • general*. only 
-: su ff ic ie n t  kins t i e  energy to-carry them tm t -of the surface
■field o f  force* Consequently when a eo111sion occurs between I
©a# or &or* each p a r tic le s  there may be a tenloney f o r . them j
to  join up with each other to  form a drop o f  liq u id . I f  the j
roan le c c i  o f *.olecul&r v e lo c ity  In the vapour Is  not la  '.. ■ ' | 
excess o f  boat require! fo r  evaporation tr.ler 1!:© ex is tin g  I
conditions c f  pressure such droplets of. liq u id  be com© d iet*  |
r lb u te i throughout the vapour* the la t te r  Is said  to he wot . i
sv! i s  ccrpa? s t lv e ly  cosy to completely crodeo so by the ' !
'introduction o f cooled cui fa c e s . I f ,  fcorcver* su ffic ien t' h m t  .1 
la imparted to  t i e  vspour to  Increase th is  mean le v e l  o f  
a g ita tio n , while s t i l l  wrier the same condition 3 o f  pressure 
t ic  temperature o f the vapour la  Increased tx& i t  becomes 
f rjperheated** %:iim  in  th is  s ta te  c o ll is io n s  between mole* 
eules Incur l i t t l e  or no tendency to coa lesce and the vapour 
requires the properties c f  a gas* In a broad sense*-.there­
fo re , a ipis i s  merely a superheated vapour*
I f  the supply o f  he f t  energy to  the gas i s  s t i l l  ■ further ']
increased rolecuX&r c o llis io n s  bee one rare end more v io len t Is  •[
nature end a s ta te  Is u ltim ately  reached therein such ; 
c o l l i s i o n s  bring shout © a g le ts  d l s lo ig c in e n t  o f electrons |
frotc certa in  at errs, a process referred to  a*? Hhorm&i'■ X®nlsatisa,J 
I t  I s  worth noting In th is  o m m m tim  that th is  ptieaomoucn • | 
does not become apparent u n t il  tcm^r&twrc* in  excess o f  about 
X£SQ°G* arc reached*
As is^ort&ttt fa c t to  remember I s  -that cscit&tloa'' o f  atoms" 
-with I t s  necessary r e s u lt , radiation* occurs'at a l l 'stages
i t ®  m body i s  hosted above 0°-€* The proportion o f m j  . 
p a r t i c u l a r  quanta a t a sp ec if  i s  temperature i s  determined by ' !
the probable number o f c o llis io n s  energetic on ough to e f fe c t  - j 
the necessary excitation* Obviously* the higher the general 
le v e l o f molecular.. energy tha greater -the. proportion, i f  high i
■ frequency quanta'emlttoI* a olreugst&nee which leads to the  
fom uXstio n o f  the laws - o f  * black: body* radiation In r-mpm% ; 
to  temperature* .;
X?» I I I #  t i e © t r i e  C u r r e n t *
e le c tr ic  eurrort in  t  conductor im plies a . continuous 
tra n sfer . of? charge from one: part of  ih# conductor. to  -toother#
■EX# s ir  ©as sr# e s se n tia lly  mult negative charges o f  e le c tr ic i ty  
so, that the obvious Means of .conduction would rpp©^ to- b# 
via  electron #' preseat in  the In ter ior  • o f  the - cor due tin g  
Material* : i M i  presupposes th a t ' some o f  the electron s in  the 
conductor--or# ©*■*** fcle* o f r e la t iv e ly  free  r o c  rent within the  
boundaries' fors®^ by the outer layers -of at ere «r.d i t ; Is.. - - - 
therefore .«d?lfts&le to Investigate such m -possibility*'
■'.'. fhe most r e lia b le  conception o f  e le c tr ic a l conduction in  - 
a so lid  depend# apparently "upon. t h e ' space la t t ic e  - - structure 
being regard'#*1 as a very open mmmystnont containing ■ an 
■ {electron g a s1# fhs properties o f th is  gas ere 'generally -' • 
sim ilar to  thorn o f the Molecular- gases ilrxs2% Invent I f  a ted*
In order th at e le c t r o s  my bo capable o f  free  movement inside  
the conductor I t  la necessary that the net p oten tia l o f the 
space la t t ic e  should bo p o s it iv e , the d is tr i  uted 'positive- . 
cnerges due to each o f I t s  components thus n u llify in g  the 
of foot of the f ie ld s  o f Individual electrons upon each other* 
This s ta te  o f a ffa irs  i s  m in t allied because each Individual 
atom I t  kept In place by the Interaction o f ■I t s  -valency forces  
with those o f I t  a companions*
According to the fam iliar properties Of gases the e lectron s  
a i ©tribute- themselves In a sen sib ly  uniform ' money • by--' * •
■process o f diffusion*' Thus m y process which upGois" th is  ' 
d istrib u tion  cans## a migration of electrons from reglosa o f  
concentration - to  those le s s  densely f i l le d *  -'This - Is 'rea lly  " 
equivalent to saying that the regions where ’ electrons are 
concentrated are at a higher p o ten tia l r e s t i v e l y  thsm those 
ro t so ecrp lo to ly  f i l l e d ,  and the Migration which'takes plmm  
con stitu tes  a current* luPh a current - oca , ■ Of course, -only 
continue so long as the concentration I s  maintained,- !•# • the  
electro*s- m  fa st as they d r ift  w ay  sy# rep lsce l by others* •
A Moving magnetic f ie ld  r e a c ts :with those due to  moving' ' 
electrons in such a manner that those moving la  a certain  
direction  ay# accelerated while th o se .moving in opposing :; 
d irection s si*#- retarded, the re t r e su lt  being that* e lec trors  
hecoM# p ile d  up mt certain  parts o f -the conductor o r , in  o t ie r  - 
words,-, sn !.*a*F* i s  se t up-* ■ This i s , . of - course, a simple 
arclcns.tlon o f  electromagnetic Induction* ~-
men an electron, moves i t s  rotiou  produce# a magnetic 
f i e ld ,  the t in m  o f fora# tulrlr^ the shap# o f  - * rings'* or 1 tubesf 
the centre# of which l i e  on the path traversed by th# electron*  
tom in  a conductor under norm l conditions they# ur#, &t msty 
g iven . -Inatm t, ##• m ay electrons sowing in  one direction, t s  In 
any o th er , so that the met e f f e c t  o f th e ir  Individual magaetio
f lsM s-'is  2ere* Than, however, a continuous flow  In a 
sp ed  f id  d irection  I s  super lo o s e d  upon the ordinary random 
motions of the particle©  mmy o f the ln d lv lcxcl magnetic 
f ie ld s  have coupon oats In the earn# sense*.:-., zceordiugly* :*;••;•••••.. 
magnetic flu x  Is s e t  up, ex tern a l.to  th e , conductor,  this- 
being the phcrxosiencw kaotsn as electro-sagE®tlam*
Electrics:! resistan ce Is  rather com plicated.to  explain--... 
since I t  involves the interaction- o f electron  waves and. fcbr"--. - 
Irregular thermal motions o f  the atoms In the coh factesv . I t  . 
i s  o u ts lie  tfes scope of th is  paper to  give other V~*n a 
p&c&ing. mart Ion o f e lec tro n ic  eaves, n r *  esp ecia lly  at the 
subject has not yet been fu lly  developed* tp to th is stag©-., 
electrons have beevt regarded a t large ly  In the nature o f  
p artic les*  There &re, ‘however, taicy physical • phenomena.- .- 
cilroctl^ involving electron© Ih which i t  I s  evident that the '- 
la t t e r ,  when lit motion, possess some o f the properties 
a sso c ia te ! with o w?wc* The n est general cone option to  form ■•.-, 
o f the nature o f  an e lec trer  l i e s  In considering I t  as m  - :• 
I so la te !  and Independent e le c tr ic  f i e ld ,  tho IntenfIty  o f  
which i s  at a roxirart at oae point In space and f a l l s  o f f  .with, 
distance fron th is  polr-i accordingly to. the In verso square law* 
The point o f ^xlnun? in ten sity  1 **i t s e l f , th e ,.seat o f  the - - 
electron* . ■-■ -;
i "hen such mx iso la ted  f ie ld  &ovea through spsce i t  
becom e In e f f e c t  a forr* o f m ve motion oid as such %m subject
to  the amson occurrences of d iffr a c tio n , r e flec tio n  etc* i t  
Is  believed therefore, that lit a r o l l !  conduit or the In tera ­
c t io n  o f these electron la waves *.iih the atom  as they 
vi* In tn e lr  space la t t ic e  causes the waves to  bo 
. j I f fr  acted in a l l  d irec tio n s , thus Involving a d issip ation  o f  
energy as ise^fc, the e f fe c t  termed im 7*?? loss*  The redsinis.ee 
■of a conductor i s  a function o f  I t s  Magnitude*
E lectro ly tic  conduct ion hardly enters Into -the subject 
~-*r review,- 'tat Is a ir l lc r  to  the <hovs, but .i t  Involves ": 
spomtaseoma i 0B,Itafelon#: th is  being dependent upon the degree 
o f concentration o f  d issolved  molecule*.,Im.the* solvent* ;: 
Conduction in a liqu id  metal such as. -mercury - I s  p ra c tic a lly  -'; 
■the ear® ** fo r .a  so lid  except for a lim it® ! amount o f freedom. 
for' the rdecm les* There 1% no Ion isation  involved*
. .  . , fh# foregoing covers b r ie fly  ■ phenomena as conceived for  
conduction in  so lid s  and liquids# • The case fo r  gases- and 
vapours is  so d ffe r o ^ t  th at a ecpcrete section  • i s  devoted t e  
i t ,  mere esr-ec'Ully in  view of. It® b ea n  *y w on phmommm .. 
encountered Im the mercury arc r e c t if ie r * :  .'. .’.a—-..-
v* Qcm&oztlon In  * v; cuous s t i l t *  •<|i>u>i i T»»iinnii(i| im #i|iii '<«Mi<^iifnT7»C |:'*niir*,iri>ignni[n>rii^<ii' > r • r nuttffirrti irniYfT'frrrrfVi^nfi'-*" ■" 1 i i i r Tirr >
The particu lar feature of a gas on vapour which 
5I?ilr pulshe* i t  Iron t i e  s o l i !  «*n4 liq u id  state#  of a g g r e g ­
ation  is, as already observe©, the unlimited freedom of - 
movement I ts  constituent molecules possess in  between 
c o l l is io n s .  A further noteworthy point Is that tlio mole* ; . 
eu les &re rorm illy complete, i*e* they are u n io n ised  imcT 
e le c tr o s ta t ic a lly  neutral* order, therefore-, to  orig inate  
sn s l e d r l e  current In a fas or m T&cuum# I t  la  necessary to ■ 
Introduce free  ehuMpto p a rtIv ies , such as electrons or 
p o sit iv e  iw #  in  order to carry current* -
I f ,  for the sa le of sim plicity# - #vperfect %'s.cuur i©' v 
ecnalle-red a current in - l t  ray be produce! lar .it by us one Of 
electrons* liberated  at coe electrode * attracted  acros© the- 
ir tereleo irod e space by the agency of a p o s itiv e  e lec tro* -  
s ta t ic  f ie ld  eetabllshcd h;r the ether electrode and tlxi&Uf- ■ 
captured by the le t te r  ^and. .returned to  - the external -c ircu it#  
The em itter I t  te rce l the *cathode* v * ile  the ca lico tor  Is  
terra! the «anode** I t  la proposed to treat the f i r s t  oar rd 
in that order# - - . '
In the previous section St was pointed., -out that rany o f  
the el iron a present In a conduct or are* to e l l  Inter,to ^4 
purposes, free within t i e  cpaca boundaries o f the material#
At th* eater la y er , however* the p o s it iv e  charges which 
n eu tra lise  th e ir  negative ch aracter istics  suddenly tuesenk vr/ 
dieeontisueae arr^ngcMoct* Thus a electron a t t e s t in g  to  ■ ■ 
stray beyond the boundary of the ig -ve la t t ic e  l~~u t5ately  
corses under the infXucr.ee of these jl ~eutralised  forces soil 
i s  attracted  bach l&tc tho body o f bn# nat#rl& l. .
• I t  I#- roasoctol© to cuppoi# that tho 41 ff©rent space 
la t t ic e  arrangements peculiar to  various eonducting M aterials 
-will havo:,corresponding o f fs e ts  upon the phenomenon dcssrlfesd 
Ii toe fcrr urging pairr* r**|»h# Tinas #Iib  sore arrangement e •. an •: - 
electron  jraSaessin^ a dell&Ste smouut o f  k in etic  energy may-' 
ho Jble to  m*grate further before i t s  r.oresntiin I s  overcome - 
t,. J, V.. . V I  1 *rf4. i other t s  whex*e the surf sc# - density of' the
retarcing f ie ld  i s  &o*o in ten se•
If* therefore# fctro such dissim ilar. m aterials are placed  
In contact the fro© electron s ttoy contain w il l  tend- - to  - 
d iffu sa  fro:a ouch substance in to  the mother*-■-'■ The d ifferen ce' 
in  th e ir  surface ir.ler& itie# w ill#  o f course* moan that the .: 
electrons In the tody having the weuker surface p o ten tia l 
w ill  ta r i ■ to  penetrate lufco .the -substance with the stronger 
fuold a t a rat# groat or ito n .t to  d iffu sio n  in  the o p p o site , 
cons© with the- r e su lt that- a. d ifferen ce o f p oten tia l' Is  ask -.- 
up across the surface o f separation# This F,r* i s  termed the 
* contact potential* fo r 'th e  two -materials under Bwlew# hut
©'/
I t  should be iiOted that i t  does nob oorstclly appear. in  the ■ ,* 
c ir c u it  sine© in  order to corplete the la t te r  St i s  necessary '■! 
to s:&tee ir e  Junctions the respoeti^e contact p o ten tia ls  thus 
n u llify la g  each other* _■ .■■ • ..
Shon the ti©''Junctions "are maintained at d ifferen t' 
te^peraturae the balance i s  upset aid a *therm o-electric S*H*F**
appears la  the circu it*-
The ex isten ce o f the above'state o f  a ffa ir s  ftorrlshe* m 
roar-s o f  obtaining electron emission, fro-* r* corducicr In . ■ " 
vacuo by ra isin g  i t s  terpsr&ture* then, th is  So Xc~e the 
proportion, o f  c lec trors in  this- surface region which acquire 
inouyh t in o t io  energy to  escape Into free'tp aee i s  Increased 
and by su ff ic ie n t ly  elevatin g  the cathode ttrpsrafcure quite  
appreciable ear^c^fc ir^y bo abstracted frost gt * For every 
terper&tiare o f  m given- m ateria l. there I s  a eorrespor.ding / 
roxi ram omission obtainable 1 or u r it  sre& itotwlfchstending any 
further Increase in  the In ten sity  o f  the e le c tr o s ta t ic  f ie ld  
in  the Irterelectrode space# Furthermore* various m aterials  
£ i f  far widely in  th e ir  thermionic c a p a b ilit ie s  owing to  am 
%r \® rm t  property o f their surface layers im m n  as thm 
* electron  work function*• This represents the fsi^irmi. mmmmt 
o f energy necessary to enable an electron  to penetrate f e te  . 
frao sp iee f r o 3 out o f the cathode and Is* as- already d ea lt  
with in  connection with contact p otentia l*  fine to t*o 
usmeutrsll&ed m lency forces o f the surface -layer o f uto^s*
The presence o f  absorbed gs# a t the surface profoundly r od lflea  
'this, quantity* the  e f  fe e t  ’ being* in  general* to Increase the , 
work function %m& m  decrease ■ the current-nrsiX&ble*. I t  i s  
for th is  reason* -sitoiig other a*, that the em em tln g  prasese i s  
. thermionic m l t i s  has to  be so • thorough* : - ■
- The energy necessary-to: lib e ra te  an electron  from the  
cathode m aterial may be furnished by means other than thermal 
a g ita tion  resu ltin g  from Internal energy# -. For Instance* i f  
Quanta o f  radiation the os orgy o f  irhich exceeds the electron  
work function are directed on to  the cathode surface the 
m ajority o f them w ill  bo absorbed# Hsny o f then-* In giving  
up th e ir  energy* w illen dow  electron s with, © effic ien t v e lo c ity  
to  crash through the surface layer and become free* Tbit .
- * p h o t o - e l e c t r i c f  e m is s io n  in c r e a s e s  a c c o r d in g  t o  the p r o p o r t i o n  
o f  M |h  frequency quanta eimfeaimed in . th e Incident re la tio n * , 
but i s  again U n ited  In a manner sim ilar to  that observed In' 
thermionics* I f  the radiation contains no quanta o f  energy 
value exceeding s  certain  1 threshold1 value i t  I s  Important to  
note that an. emission, cannot to  produced*....
A farther p ossib le  source o f  e lec tro n  emission has' i t s  • . 
existence in''the e f fe c t  o f an Intense p o s it iv e  e le c tr o s ta t ic
-f ie ld , external'-to the. m ateriel dragging out electrons .from 
within dm# ..to.- th e'.a ttractive forces'produced#' Zn th is  process 
f t  Is  necessary'' fo r  the, potential. gradient limed 1st s ly  above-.-, 
the- surf me# layer to  be in  the neighbourhood o f  XiP vo lt#  par' 
centim etre, a fact xn lsh '...&&». eamsed soa# doubt among 
.Investigator# as to  i t s  occurrence* - Under certain  condition#* 
however* i t  sev*s to  be quit# p o ss ib le ,. us 'w ill, become ,//;... 
apparent later#
. So. fa r  I t  ha# been assumed that the in terelectrode space
Is a  p erfect vaeaun and that the current i s  estab lish ed .b y .a . 
flow o f  electrons'across- it#  blisn? such a current flow# the . . 
negative charge# i s  the cloud o f travellin g  electrons produce 
a negative * space charge1 which fends to mask the e f fe c t  of.,' 
the p o s it iv e  f ie ld  lrpoccd for the purpose o f  imping: the 
p a r tic le s  away from the v ic in ity  o f the emitter* - -Ib order, 
there fore* to  obtain &n appreciable current, i t  i t  necessary  
for the mod# voltage to  b e . fa ir ly  Ul~h*/ «\s the migrating 
electron# travel across ■ the' apace they acquire, under the . ' 
in fluence o f th is  f ie ld  *".&•. considerable amount o f  .k inetic  
energy* th is  being d issip ated  m  heat on arriva l at the anode 
which i s  in eensequence, elevoted in temperature*.'. .This fa c t ... 
confine# the us# o f high vacuum discharge tubes -to c ir c u its  ;..\ 
Involving r e la t iv e ly  small current# in  conjunction with high- ’ ' 
voltage* . - ■/;" -.
By introducing gas molecules in to  the i~ tu rtle#  trade'' 
erase *Ionisation  % c o l l la e lm 9-. corn## in to 'p lay  m l  m to ta lly  
d ifferen t sta te  of a ffa ir s  .1 u obtained* .
Under these conditions a number o f fro# ions possessing'. '. 
r e m it  ant p o s it iv e  Charges become d istrib u ted  .throughout ; the
spa©#, thus esn eellin y  out the negative epaco chary© due t i  ; 
the e lec tro n s . with the seeult.- that the anode voltage necessary  
to. produce--a given currant 1#  very much reduced* : . . . :.
i s  a consequence. o f the random d istr ib u tion  o f p a r tic le s  
In the space the le t t e r  .-always .contains .-exactly the' r ig h t  
propertione. -of v«X estrone and p o s it iv e  lo n e .- to - e f fe c t  spas#' 
charge neutralisation*: I f ,  fer-.lnstance,-.- any lo c a lity  
d e fic ien t In -positive.-lo  s appear#,- the '-el.eetrens' which: ." : '
d iffu se  Into It-.w ill, fee .tase& iately'accelerated towards I t s  • •.' 
-bounlerlee* ^tcsss must a lso  he present In--the; space m  a".;.;:.'
-." re su lt  of. d iffu sion  and the - electrons w ill 'h e  accelerated' 
■■until t&ey a tta in  su ff ic ie n t  v e lo c ity  to -e f fe c t  Ionisation, 
of these mentr&l atoms,.-:. thus freeing-them selves, o f . th e ir  ova'
' space. charge* The very • small "mss of. -electrons g lv ee  them - 
' much.- great@r. -m obility . then  th e . r e la t iv e ly  passive p o s it iv e '" 
ions with th e resu lt th a t they carry the major. portion o f  the 
the p o s it iv e  Ion# only contributing a ' sm all'essom t*-.....
- . : tt w ould appeal* th a t  %hm ca th o d e  o f  a tioavy .current are j
such as we arc concerned v lth  in  a r e c t i f ie r  e l  the rreroury \
pool type deponds upon evaporation o f neutral molecules front 
the surface to? i t s  arilsrlon* P ith  th is  type o f  cathode the 
electron source 1b s itu a te !  within a small Intensely  b r il l ia n t  
a r ea  on th e  s u r fa c e  o f  th e  m a te r ia l  and imewn o s  th e * c s th o d e  
spot1* X»aufrmtv pete for-and the follow ing theory to  as count 
for the physical actions involved*
In  tho f i r s t  place I t  soo^s to be generally accepted |
that the temperature o f  th® sBoroury surface within the spot I
i s  o f t %m  order o f  lOCD°Of in  sp ite  o f the eorewbii misleading | 
triX llcnoe.observed* For thermionic action  to be e ffe c t iv e  j 
in  producing.. ©&. emissiom of the ms^Iiude--obtained i t  would I 
be necessary for th is  ter re re tir e  to l>o several tr on sand j
degrees Centigrade a ccu sin g  to the -cell known Is^c controlling j 
th is  phenomenon* I t  i s  evident th erefore , that tLerr-1onto  ^ j 
action can only play a r e la t iv e ly  %nimportany port* j
Kevcriheless the torperatur# o f 1OC0°C* cited  above - j
Implies that the vapour pressure Immediately above the . 1
surface in  the e&thedo spot i s  w ell shove atmospheric pros sure 
eti the curve In Flg*3 shores* Under those conditions electrons  
emerging fro’s the cathode surface wquld have to travel* ,<m 
the average, & d istance of only XO~^  m illim etre or there- 
sto a ts  before experiencing su ff ic ie n t ly  v io len t c o ll is io n s  
with neutral ■ at-Giss. to  of fe e t  lo iilsa tloa*  The electrons ' \
rapidly d iffu se  ew&y vhereas the p o s it iv e  ions produced, by 
virtue o f th e ir  r e la t iv e ly  enormous mass* Era p ra ctica lly  
stationary by eoirpsrisor.* A depse accumulation o f-p o s it iv e  •." 
Ions i s  thus produced about X0~'* m illim etre above the liquid, 
surface* Lm&mlv suggest® that the in ten se p o sitiv e  f ie ld  •■. 
thereby forced drags out further electrc&s from the material# *•; 
The .p ositive  ions migrate across the narrow sp ace  un d er I M  - v", 
in f lu e n c e  o f  t h e i r  o?m f i e l d  and i n  so  d o in g  k o e u lr e  en erg y  A .; 
w hich i s  l ib e r a t e d  in  th e  f e r n  o f  h e a t  on s t r i k i n g  th e  - ;Ff . , 
m ercury su r fa c e *  t h i s  m a in ta in in g  th e  su p p ly  o f  vapour b y  -V f  
e v a p o r a tio n  sad r en d e r in g  the discharge s e l f  m a in ta in in g *  
A c tu a lly  th e  g r e a te r  p a r t  o f  t&e vapour b l e s t  a r i s i n g  from  
th e  ca th o d e  p o o l  o f  a m ercury 'ere r i o t l f l e r  h a s  i t s  o r ig in . In  . 
th e  f r e e  m ercury su r fa c e  o u t s id e  th e  c a th o d e  sp o t  r* g ion *  ms ' 
a lth o u g h  a t  r e l a t i v e l y  lev? tem p era tu re  (10 0 * 2 00°C) I t  L a s-a n  V< 
area nany thousand tim es  e x c e e d in g  th a t  o f  the ca th o d e  s p o t  v " 
i t s e l f *  ■
■ . It. w i l l  : he- a p p r e c ia te d  t h s t . t h e  above p r o c e s s  o f  d r a g g in g  , 
•e le c tr o n s  o u t  o f  th e  ..cathode by en erg y  p ro v id ed  fross w ith o u t  ~  
i s  q u i t e  d i s t i n c t  fro** th e rm io n ic  a c t io n  w hieh c o n s i s t s " in  
s h o o t in g  o u t e le c t r o n s  by e n e r g y  fu r n is h e d  from  within*.'1 ' - ' v - F
.ymat at th e . lim it o f the -spae# ■ above the cat hods spot*
i s *
1*@* above i t ,  there e x is ts  the most Intersa r
vctivlfcy as regards exaltation  ard ion isa tio n  In the whole
vrc stream* According to  the quantum theory most Intense i
radiation eaould be observed boro, which Is  indeed, the ease*
Tlxe etoxe ere so highly exalted In th is  region that tr.ost. o f .■..•■■. 1 
the radiation eennlots o f r is ib le  l ig h t  and u ltra  v io le t  rays* . 
I t  is ay now be seen that th is Inter so l ig h t  does not recess**' 
a r iiy  Bean thct the surface o f the mercury i s  c t  any eonsM** 
enable tespereture In the emission area* la  the f i r s t  plan# 
the source"of the radiation Is  above the surfsee and secondly . 
the h ighly  exalted s ta te  o f the rad!sting atoms i s  rot dm#-to 
the normal d istributed  k in etic  energy o f a hot substance,, but- . 
i s  a r t i f ic ia l ly  created by on e le c tr o s ta t ic  f ie ld  acting upon 
the electrons in  the r e h b o u r h o o l* These bombarding electrons  
due to  th e ir  high m ob ility , s t r i t e  a t  the in tr in s ic  energy 
of Individual erbSrfes of the atoms rather then a t the trams** • .. 
la  felon s i  energy o f  the whole system as with thermal co llis ion #*
X proportion o f  the radiation  under consIdoration Is
projected towards the cathone surface and, allowing for  
r e f le c t io n , a smaller proportion Is absorbed thereby* i t  has 
often  been suggested that th is  absorbed fraction  produces ms. . 
electron emission. by phcte«*eIootr Ic action* to  whelms - , 
euch an e f fe c t  i s  o f mnjer Importar.ee does not scorn to to  " ||
w ell estab lish ed , tu t i t  can be seen that m  long as the [
excited  mercury atoms are o$p*&le o f em itting quanta irhose .. 
energies ore in  excess o f the electron pork function for ' ' i 
reroiry an emission Is possible* i t  seems rather doubtful, <
however, abether I t  would bo su ff ic ie n t ly  profuse to g ive ,'
r is e  to the very lergo currents handled by the lim ited  af#st 
o f the eafehad#.-spot* /-, . . j
Further proposals haw been. put "forward that electrons  
Bay b® dislodged mechanically fro® the rorcury by the Impacts 
of p o sitiv e  lore*. I t  m at to  remembered, however, that . 
p o sit iv e  lore  possess almost exactly  the sssxe boss as neutral 
xoleeolea co th a t, &1though they isey aeon ire  very la r g e ' arounta. i 
o f  ©nerfy -their -di eruptive power .Is loir arc a p o s it iv e  .Ion.- 
bombardment Is very U t i l e  d ifferen t from d irec t heat tr  ^ .sfes  
In accordance uritfe the k in etic  theory o f gm m *  In the*# ■- 
erp&irsst&nced any emission o f  electron# produced would bo a. 
sicrely an,other isanlfe station  of. t^ ew ion ic  a c t io s , a p rom os . 
already seen to  b@ Inadequate - to  aesmsst for  the tsacsifcM# ■ 
o f the current*
Although there Bay be several processes5--!” ol^ed I t . 
oos&s pzob&blo that the theory postulated-t?y t  u u u l i1 ooeounts 
-for the mjor- portion of the oo&saioa' from a mercury cathode 
or indeed eny'-otber; fern  o f  - cumulative arc* ; b
The space b eteeen : anode «a& -cathode i s  o f ' eonsidersble
)In tere st, sloe# the phenomena occurring in  i t  hav# # pronounced 
.e ffec t upon the for®* tsJren fey a large r e c tif ie r * ' . '..
yhe tseefeaois n whereby the right proportions' o f .poeltiw#. , 
Iona to  electron# are r a i't - ln e d  fiat already been discussed* . 
and In th is  connect ion. € p to s is  i t  laM  mpon. the haphazard.. . 
sr&rmer in  thichfeths p a rtic les . in  th#-: arc stream ?roTe about . 
therein* At suy giwen Instant there'are p ra ctica lly  as mmnjh 
p artic le#  rod n g  In one d irection  as in' &ry other,- the. mean ■ 
irt lo c i  t ie s  o f  Individuals feting extremely high* -. fh.#' transfer  
o f current irfces place fey mes~s ©f a' re la tiv e ly , sloe d r if t  o f  
.e lectrons towards the snode end o f p o s it iv e  ions*towards tbs' ,. 
cathode* Keyeytholess th is  d r i f t  » t l o n ,  o f  electrons In  
p articu lar , i s  eoormeujly greater than the hydraulic currents 
' duo i© -tfe# - blast- o f  vapour and spray, ar isin g  from. the oathols  
pod; Is- ©pit# o f  the fs c t  th st tb e lr  sagnltv^es are o f  the , . 
order o f  .'thousand# of fe e t per second*,’ .
la. any spa©# such aa that uidor ©onelderetion''-■ where.; . 
electrons,- p o s it  It#  ions end ro leeu les  occur together the  
' c o l i i*  im s  ,they undergo cause «i~rt o f  the ro lecu les  and 
p o sit  i \ s  ions to  fe&eoma h ighly #*©*fced, thus giving r is e  to  . 
the e» i *#!©&•-of r a d ia tio n ,. th is  feeing tb# - e f fe c t  which I# 
u t i l i s e !  In the w ell irwsn faseoos lightIn~ fcufeos* &©?#©?$?,. 
in  the cear## o f their  c o ll is io n s  vstny electrons feocoico 
recaptured • thus pro&ncirg neutral r©l#«nal#s -and f i t t i n g .  ••1 
radiation.-as they do so* C^he above two e f f e c t s ,  Involving a# 
they do, a d issip ation  c f  esergr, n eeeeslta t#  m voltage drop 
along the length of the arc path Its order to  m aintain. tli# * •" 
required le v e l o f Ionisation* fit# arotant o f  reeorMmatiim o f  
positives ions end electrons la  greatly  Increased ©Hen eon.** 
ducting surfaces ara introduced in to  fch# arc s tr e s s , sine# .
. they autom atically act as co llector#  for hoth .kind# o f  . 
p a r tic le s  even when insu lated , ©Ml# I f  th e ir  p o ten tia l I s  . 
controlled  i t  Is p ossib le  to  regulate the r e la t iv e  proportions ' 
o f-p o s it iv e  Iona or electrons, co llected * This process" o f  
©©•lonls&tlon fey d iffu sion  to  conducting surfaces, #s'©rp©s#d ■ 
to  recombination within the arc s tr e s s , i s  o f great-practical 
Importance, ms w il l  tsco#a apparent -at a la ter-stage*  ■'
; ffe# fa c t  th at charges moving in.'tho sore general direction, 
produce a resu ltant r.arvetl© f ie ld  i s  a  •'phenomenon which - 
•becomes .of importance t hen lari© currents are. wider cons Id**" 
oration since the e f fe c t  o f  such a f ie ld  i s  to  cause contraction  
in  cross section  o f the arc s tr e s s  with the r e su lt  that .- 
radiation and recombination lo t  see occur w ithin a sm aller - ; 
volume than »r* Id fee the cose i f  no such contraction occurred* ‘ 
fender these cor ** It Ions the ' in te n s ity . o f  tne radiation  Is. • 
magnified* !*#*- th e  proportion o f  Mgfe. frequency gusmte tends 
to ir»©re»s#, fe us prefacing the e f f e c t ' o f  a r is e  in  temper** 
ritM n the arc path*:
so*
' ;' J' !
• In general the above effect. I s  llrJLtsd fey the n seo ss lty  | 
for spreading o f the dlsehsrgo-fm order to  io n ise  the - required j 
number c f  molecules* rtm sricsrur® c f  the gas or vapour, !!
the missber o f  foXoouI os prestn t in  w ilt  volume over a short !
period o f tl&o, exerts a eon tr o llin g  influence 9 therefore, . . j 
upon the extent to Ohirh th is  spreading occurs, since an . . .-j
Increase in  pressure obviously rear,# that noro moleeol*® as*® :!
availab le to fee Ionised and the ere sfcro&n w ill  contract, m dar - ;
the lufJuoBce o f I t s  c,vr magnetic f ie ld *  At vary low -,.- 
pressures* how?®!5,  the rereading feeeoires so large that the ■ -j.
condition m y  fee reached vdrasr# the are tr ie s  to attain  m s is #  j
larger th*aa the chamber in  rfeloh i t  Is  contained* *s th is  1© j
obviously J.;rnosalfel0  the -voltage drop rust perforce Ineraas# . j
In drdw  to  provide the required r ^ t e ?  o f ions* I f  carried :!
to extreros* ©ueh as rc.salog a hoary current through a cold  
■ r e c t if ie r '  the *«tarv£tl©£* e f fe c t  m y fee so pronounced• as to-' - 
produce v io len t flu ctuations in the are drop, vhlch re su lt I s  \.•
severe disiurfe crises in t i e  Inductive c ir c u its  cceocietsd  with i
the appt a^tvwfc*
I t  r.ay fea seen that tn  lr.ero&&® In pressure, up to  a .' j
p o in t, tend© to dverea^e the era etre&n voltsg® drop* .4.s ta te  ' 
is  ultlmai-sly reached, 'however, ’shore the rate c f  lo s s  fey 
r^confeinatlon md radiation tends to Increnrc, with pressure, ' I 
at a rate greater then the eorrospondis £ decree so in v o lta g e -  
drop duo to mor® favourable conditions fo r  Ionisation  with the 
resu lt that felio arc stream voltage drop tends to  increase* 
fTher® In , In oonsoqn&'ic®, a certa in  mlnlmr** vo lt ays d**op at - a.. 
particu lar wrpcair pressure, a fa c t  which i s  again c f  Irportsn©®
In the design o f vapour e le c tr ic  apparatus*
The process thereby the anode c o lle c t s  electrons I© :
r e la t iv e ly  a lrp le since the la tter , have a tendency to d r if t  ... ' 
toward© any region which i s  p o s it iv e  ©life respect to  the space • •- 
In which s moving* In the region tenedlately  show  the - |l
electrode surface e x is ts  & ap&m which la  deficien t. In p o s it iv e  [ 
Ions so th a t tbs cloud o f  electrons converging on -the mod.® . i:
produces u negative space charge which requires a voltage drop !
to carry the electrons across* %fi® . width o f  <Shls /Bprnm ohmgm !
Is a function o f the ire an fr ee  path and hence the • vapour I
pressure, ooiong other charges* near the anode tu rf ace* • fh # ' <\ j-
energy acquired by the el ectron* under. the la£tae&®e o f th is  |
volt eye -drop if*  o f course, d issipated  f s . t e i t  t s  str ltim g  the 
m aterial o f  the electrode* *
In practice- the maximum output o f  '.*•r e c t i f ie r  Is  .almost 
en tire ly  determined by the conditions when the anode p o ten tia l -'
• I s  negative s itu  respect to th# cathode since tho rectify in g - .1 
.action i s  depend out uncn the ia a fe lllty  o f  the anodes to  emit
. electrons in  quantity ufeert ©o'excited* ...la th® event o f m  anode ’
. forcing a cathode spot a short- c ir c u it  on a l l .  the-other main !
21 *
a n o i o s  i t  p r o d u c e d  i t  i s  therefore i j s p ^ - r s t i v a  t h a t  e l o m  
attention  be paid to  phenomena occurring during the M le  
p e r i o d  O f  £Tt U l O l * *  . ., ; '
lay  condition t&lch toads to  cause emission o f ' 'elseirone 
from i.ii <5Xsotrode s&ca rera tive  e lth  rorpeet to the surrounding 
op as a suet ccssa under suspicion ores i f  the em ission-is v 
normally of m s l l  nc£;sittz<i# sine® the cathode rpet i f  eeseat*  
I s l ly  cursXcfciw la  setups ird  so **ay bo in it ia te d  by Quite • 
t*dnor effects*
A fsrsr obvious cacxes o f electron ex lssion  ore thermionic* 
p h o t o - c l o c i r i s  n :-\1  t u t o ~ e l e o i r c n l c  a c t i o n s  t o g e t h e r  - w i t h  - s a *  ■ 
called  Kos&fcfciouX dlelod'puent fcy p o s it iv e  ion bofibur&sesfe* -'
T o  i s  p o o p o e e !  t o  c b s f e r  t h e  eorisidcnatioa o f  t h e  m & n s  a d o p t e d  
tu overcome the so e f fe c ts  u n til the next section# ¥;bleh d eals  
u i i b  fcho a c t u a l  c o n e  t r u e  t  i o n  o f  t y p i c a l  sr-oc ter:*  r e c t i f i e r s *  ^
j u t e n o i x i M  w h i c h  i r e  o f  I r i p o r t e n e c  i n  carneotloxi w i t h  t h e  
a n o i a  o r a  a l s o  apparently produce! b y  t h e  n a t u r e  o f  the 
sur-fuea layers* If#  for irsfc&nco# there exl^t^ a layer or iaci*a
c f  OCCXud&d £U3 rule ^ lfcX.3L 5* aiS1 4^-.'i1l the surface o f tlwj rxterl& l i t  is-
&Qzs$tl7&'i*& d i f f ic u lt  to r-tdta an tmaJo p i air up eax rent fro®, the - 
arc stra in  without applying a r e la t iv e ly  hljf i  rclt&re to  i t#  ••- 
a  e l r o u r i a t ^ B c a  u f o i c h ,  o f  course* i n c r e a s e s  iho a r e  l o s s e s p - a n d  
hm$® the t  e^pcruturo o f the unit# iha pro 3 ,Ice nature o f'.th is  
occurrence I s  somewhat abaotsro, but m y poc tip ^lL »*v ^  bo &a& to- the ' 
£us moIcouXcs uruuujpir*  ^ tho.usolros in  mt^h a woy us to largely  
n u llify  the valcctcy forces o f  the surface Isyer of atom  in  tfs# 
uriyic ©atarlal proper* tHJer these conditions d iffu sion  o f  
electrons irosi space Into the body o f the olecsrorts would he 
nush h in iorv l so l a pi'oparfciou&tcly high v o lta ic  drop i s  
necessary to cuu&c fhrs to crash through the layers o f. 
o c c l u d e d  g a s  a t o m *  w-
VT* The--mercury iftre 'rec tifier*  ■".■ "" -■ ■ I
. . . . . . .  I
The arrangements o f large s t e e l  tffilr r e c t i f ie r s  mi*f : f
considerably with d ifferen t manuf&e torero* but 1b f ir s #  4* 0 j
end 6 sections from typ ica l designs o f recent date ir e  given* ' 1j
I t  w i l l  be seen that la  each ease & r&ln: vacuus t  *r** i s  - • ' | [
provided, th is  baing water j sureties* fhe cathode I s ,  o f  ■ \
course* at fcbe hot to®.; o f the v esse l and co n sis ts -o f .$--s t e e l  1
d ish  containing the ssereury pool and Insulated from, the ss&ln 1
vacuum tank by “means of cn Insulating ring end vacuum tig h t I
seals* TMs Insulation Is necessary’In order to  prevent the - 4
eaihoae spot wandering up the aides o f the tank* The anodes . j.j
are generally errangol in a c ir c le  around the top p lat#  o f f
the t*nk« The la t te r  i s  provided with a high b&cuun mercury ;
vapour d iffu sion  piiBp hacked by.-air a l l  ivmcrssd fore-psap o f  4
the rotary type* The nelhods. t ieptcd fo r  har Illx ~ the -vapour H
b la st exh ib it eorsl&or&tl© ..variety i.^d th is  ra tter  w ill  he • -; I
discussed a t m la te r  stags* -"in-general the tsnk o f a r e c t i f ie r  s 
i s  a liv e  above earth p otentia l.end  therefore has to  br \
supco*ted on pedestal insulators* I
The anode and i t s  enclosures represent the port o f  the. [
root I f  lo r  wherein the rre&test arcount o f  development has occurred I 
si~ee th is  region Is  the east o f the rectify in g  action* I t  1# j
therefore proposed to  deal with .this., part o f the equipment f ir s t*  j
I t  has already been noted that host Is  evolved a t the ■
anode when carry lug current I t l i  has to b® dissipated*. • To I
a  certa in  extent the anode s ic  * wiiich passes through the - 
tms&lng Insulator may be u t i l i s e  I in  th is  connection by making - 
I t  ©f Im m f  section  or c lr e u la iif  g a cooling  f lu id  ’ therein* 
the top o f . ire  stem being f i t t e d  * 1th soso kind, o f radiator*
In general * ho *®wer ,  the amount o f heat which con bo carried  
away In th is  i s n s i f  I s  lim ited  In amount bat the.-cooling la  .: 
of value la  lim itin g  the tempers tare r is e  o f .t  he vacuum t ig h t  ’ 
seals* thus avoiding - the lib era tion  o f  gas*-- In  p ractice the 
major proportion o f the anode lo s s  Is  carried mway by m d la tior  
•to the eeeled  .walls'Of the cham ber,-.the--tip-itself a tta in ing  
a tespcr^tu^e o f about §©-©0S*
The M ult -.to the -output, obtainable from a given &tm. of-- 
r e c t i f ie r  Is almost m t ir e ly . f  Ised :by the load the machine - can 
e ^ r y  without arcing back, f*e* lo sin g  i t s  rectify ing- prop* 
aril##* ;, It. feaa already boon, observed that th is  arc back occurs S
rhen a cathode spot forms upon one or more o f the ®m&mp . thus ' 1 
w s t l t t t t i r g  a abort c ir c u it  :upea'-every phase o f  the fr sn s -  
former fencing the-, rectifier*--..T his la t te r  e f fe c t  Is  brought • I
about by the- fa c t that at' nay -givon instant .there I s  alw ays.a t !
le a s t  one anode which is . p o s it iv e  with respect to  the fa u lty  !
one when the e ffect- of. in teraction . between .current end t m s *  
former reactance Is., taken-.into-account*-. Ji fa u lt.-o f th is  Mrs!
i s  p articu larly  mmv®  and. lias to  ■ toe" excluded as r ig id ly  as 
p ossib le  a s l  any circumstance which may tenet to  etua« 
electron emission fron a s  osodo storing i t s  impermeable period- 
iaast; recsf*?#-close attention*
,-fb e  f i r s t  physical phenomenon to come under suspicion Is  ■ 
fctmrmimilz motten* -\ Sins© the anode temperature i s  bound to  
r is e  oosel ?erafely a -material should fee ehosca for i t  irMeii /- 
poetesses m high eloetrca  work function* high -thermal ;;- 
sisia stetty  and, a lso * . o f course, ■ a Mgfe Molting point* - lor#-* - 
©irer, i t  should fee p ossib le  to obtain the material in  a s ta ts  
baring a high dagra©--of p a r ity  free  from any tendency to- i 
read ily  form oo^omdm with ttio' a lk a li mstalm ■ smoto as sodium* 
potassium, toarlua and others* focfe compounds.usually  have a 
low work function and thus too cone ready em itters under the ■ 
e ffe c t  o f coeqperatively s l ig h t  stim uli* .BigM c le sn lia e ss  - 
.-must .fee practised  during t t#  assertoly-of r e c t i f ie r  plant* as 
s i i a  t&® perspiration from the fear i o f $m operator ©s the 
aaode. ;jEay :laad to trouble o f th is  type* -. presence o f  hot 
spota' os' th© electrode surface may* o f  • course* aggfmirat# 
conditions and In i to too .taken oar# o f . is  a manner .to fee : 
Indicated la te r  os* -
ffe#; m aterial usually  employed for the mrotes o f  a modem 
r e c t i f ie r  i s  graphite* I t  hsrteg: feeen found : su itab le than 
s te e l  or otfeor .rsotalo owing to -th e ir  tendency to  B it and fuse  
'under... the actios* o f the-discharge*-whereas graphite 1«. ub 
■entlr-elyyfree from' th is  tendency and i s ,  moreover* • eospsrmt- 
Ively  easy to  fr o # . from occluded gates etc* " Other advantages 
ara i t s  chemical .Inertness sad high;- thermal em lsslvlty* :-.- ,^ -:n-
choice tr ie  a c tio s  may p ossib ly  induce an emission  ^
o f -dangerous mageitude* S te lla r  considerations i n . regarcl to  
work . function * . pup! ty d o *  o f anode- ms to r i ml supply i s  th is  &s 
' i s  the previous ease* ' the main source o f  radiation. e f fe c t iv e  
in  inducing p h oto-electric  emission i s  the cathode- spot i t s e l f ,  
th is  feeing th e  sea t of. the r e s t  violent---exsltatioa in -the arc 
stream* feera -Is*. however* quit# an appreei&fe 1# 
high frequency quanta produced:t e  the arc stream i t s e l f ,
;St and most e ffe c t iv e  method o f r e s tr ic t  teg
s la ts  te. meretsteg the .electrode surface from the 
.d latteg parts of ..the arc stream fey memo# -of -shields* the . 
la t te r  serving: & bo in  other d irection s *.- ms w ill  beeon* 
apparent* .v;. ?, - .■-:/b y a -a -  - -'-n-n-y ' •
-.:... -.... .It lias been suggested that tev ore# currents may fee 
produced fey the mgcisey o f • high p o ten tia l gradients present mb 
the surface o f  the-mod®''and eetteig:fey draggli ,
.thie phmommm  feeing termed muto-i 
I t  w il l  fee appreciated ti at sueli :a pr®m
sharp' points or projections on the anode' surface as there’ '■' 
tend. to produce lo ca l concentrations - o f  .'e lectrosta tic  stress*. 
darifUX attention  ■ paid to anode geometry can do much to  reduce 
IM sf bub t% must to  re^oxbered that from the point o f vim?..
c t  atomic dimensions the smoothest o f so lid  surfaces Is  very, 
rough and uneven*' ; I t  should he obvious that any action o f the  
'kind under coneldsr&tlor* w i l l  he a t a ss&xinuni at about the same 
time as the anode i s  most negative w ith'respect to  the cathode# 
th is  being* o f  course* the most dangerous condition as regards. 
in it ia t io n  o f  are back* The discharge* when i t  occurs* takes - 
the for® o f  a glow v is ib le  round the anode tip  during the -' 
period mentioned above* I t  i s  so t quite certain  whether th is  
glow- i s  maintained by the - &t*to~elesfcranIe action* as I t  I s -■ 
probe t ie  that once I t  has been In it ia ted  the p o sitiv e  len t ; 
proJure! contribute to  the emission by th e ir  bombardment» ■ fhe 
• screens already mentioned are e ffe c t iv e  In Improving d ia l*  :■■. 
rlhutlon of s tre ss  a t the surface o f the elecarolo*
A further souses of Inverse current which has received '. 
c lo se .in v estig a tio n  during the la s t  few years Is quits  
d is t in c t  from that discussed In the previous paragraph* ■ ■-.Due' - 
: to  the lim ited  m obility o f  p o s it iv e  lo s s  la  comparison with 
.■■■electrons .'when th e  1st tor- cease to  flow .to th e  anode a cloud 
o f  residual Iona i s  l e f t  la  I t s  v ic in ity#  to  a certain  extent 
■'these Ions can n eu tra lise  thesselv*® - by recapturing e lectron s* ' 
b u t. t h i s : pan only ■ occur to - a very / l i s l t # d  - extent us the*# • are 
■'very: rare vrr tr.- the s e condi fe 1 on s * duo to th e ■ repul s i  ve e f fe c t  
o f  - the negative .anode potential'upon - ttwauv - dims*-for neufc**- - ' 
r a l ia a i le n .t e ■ occur the Ions isxiiat reach some absorbing 
surface such as the anode I t s e l f  or the surround leg  structures*  
They w il l  naturally  be attracted  towards the mode, in  pref«*
. orease t o ! other surfaces on account of the Interaction between 
•the fie ld - due: to  th e ' le t te r  -and th e ir  own p o s it iv e  ■ charges#■;..■ ■ 
:snd la  consequence w il l  eo rstltu te  a. reverse ..current: to  it*:: 
■’Ih elr  beB&ar&rent *-.i f  s lim  ed to p ersist' for toy. length o f w 
■-time may*-■ In coasbimmtioa^with other effect®*-.induce the : - .
' formation, of a cathode spot by d irect isechstsical■■■dlslclgeme&t- 
. of--'electrons* fh is  Inverse current# unlike that previously' 
"discussed# has I t s  maximum value sh ortly  a fte r  the anode 
voltage eoasrences to laereaso negatively# the e ssen tia l  
difference batreesi the fcre types o f discharge being Indicated' 
very dlagrssaaatieally in  Fig*?#
I t  w ill,b e 'n o ticed  that the residual Ion discharge 
gradually f a l l s  away te  sere as the supply o f  ions becomes h 
exhausted# 'so ..-that for  ,reducing, r isk  o f • arc--.back I t  Is  
desirable', to  shorten the period .o f p ersisten ce re that the . • 
vo iceIty  • with which ions are : accelerated under th e . Influence • • 
"of.:.the n egatively  In creasin g-fie ld  does not a tta in  a s u f f le -  ■
■ la s t ly  Mgh. value to  io n ise , other a toss In tho. sosse** thus
On# obvious m&thod o f accomplishing the above; I s  t o ;. ■ 
reduce the volume ava ilab le  for  the residual Ionisation* again- ; 
by the agency of th e’ snod© shield# A ' s t i l l  more e ffe c t iv e  
method i s  to reduce the d ista n ce .the len t have to  d iffusa  in  
order to  bo captured by a so lid  and thus neutralised*. In. 
modern practice* • therefore* anode sh ie ld s  are provided .with .. ;• 
deionising gride* i*@# arrcage&efita o f  conducting surfaces • 
disposed so that no point in  "the. space immediately aarreuodltfg' 
the anode i s  fa r : restored from & n eu tra lisin g  surface# / ftms - 
the maicteam d iffu sion  distance Is  reduced and the rate: a t ' 
which neutral Is at ion % &/:ea place Is'very  much accelerated*\
f~c impact of so lid  or liq u id  conducting p artic les'w ith . 
a&/ano*6 -&arir«p I t s  Impermeable period has been found to  ' 
greatly  Increase :the. occurrence o f  arc back* I n  the case o f  .-,
liq u id  ..par t ie  las* o f  course* evaporation tabes p lace to. some: 
extent-w 1th the production ©f lo ca lised  regions o f high ; 
vapour- pressure* 'a ;circumstance which Is  again p reju d icia l to  
stable; operation* If* ho'•ever* a conducting par t lc ls .. In . 
con tact with the anode br^-dra contact an! rovoc u**cyt ' I t  i s  
found th at a cathode spot Is  very oft©  ^ formed* fh ls  'e f fe c t  
m y be due to a high p oten tia l gradler* at /the point 'of - • 
separation* or i t  la  surge at ed v*ay aetu z lly  be due to. a g lo w ’, 
discharge current passing fro* jtho p a r tic le  to • the anode ■.. 
i t s e l f *  tbs breaking of th is  current drawing out mt arc la  t  ■ 
very sim ilar sanner to that in  which nora/d 1 r a il  ion o f a 
r e c t i f ie r  i s  seeomplished* Obviously* .therefore, I t ' I s .  b 
Imperative. to remove as fa r .a s .p o ss ib le .a l l .traces o f  d u e t' 
trars the in ter io r  - o f ; Hie Vacuum chamber and a lso  the anode 
sh ie ld s ru st feo so 'constructed ms to  prevent tbs ingress o f  
spray.from other parts of the r e c tif ie r *
High pressure inside the vacuum eh&ssber* particu larly  In 
t!i# neighbourhood o f the anodes* introduces .on almost; certa in  
cause o f arc back occurrence* i t  is*  at-present* iiefc'teoam ' 
exactly how th is  cores about* but sente ooisment In conn cot ion - 
with foreign, gases has been issde at the end o f  the previous -’. 
section* ■ . i t  i s  noteworthy* however* that In"'-pr&eticalif //, :.' 
every ease when the vapour, pressure I s  Increased, th e . p o s s ib le . 
erases o f  back arc already described are aggravated*'. ,/fb i s  ' 
esssntlel'' that-.any gas evolved .during operation by the anodes 
to  abstracted as rapidly as p ossib le  before n it has time to  
cause arc back and the sh ie ld s must be so  arranged that the . ' 
gas i s  free to d iffu se  away read ily  .to ;tbe pumps*
i t  may be seen that the design o f an anode enclosure :,: 
n ecsss ita to s  csrefp l attention  as the su ccessfu l operation-'-&£- 
the equipment i s  largely  dependent upon It* F igs* '4* # and & 
ind icate common for*s o f anode enclosure* the sh ie ld  . : 
e o a sls tia g  generally of a hollow cylinder which Is  closed  at 
the top end preferably constructed o f nonmagnetic s t e e l  or.
sim ilar m aterial, birring a high melting point* Tbs non* 
magnetic property, t t l l #  not e ssen tia l ,■ i s  valuable because • 
it^means that conditions in sid e  the s t l iM  &r** more favourable
t o  a s t e a d y  arc than then o r d i n a r y  s t o o l  Is used in which a lio  
s o s o  l o s s  may b e  cau sed  duo t o  eddy currents*.
- The 0*1:* • r e c t i f ie r  I & ‘p articu larly  note rasthy, Ire i t t  
as the Shield Is  formed as pert o f the tank end i s  provided . 
n lth  cooling means on the outside, no eoo llrg  being provided ' 
fey  - the stem " itself*  The E nglish ; $3.#&trf * Companyf s r e c t i f ie r  
employs a h olloa  stem with o i l  c ircu la tion  «&d & radiator* • •" 
while the Wsttlngkcuse apparatus makes w e  o f m eta llic  ' - 
conduction- up a thick stem* I t  w il l  -be apparent that - the ■/- '• 
sh ields e f fe c t iv e ly  p artition  o f f  each anode from It*  fe llow s  
both e le c tr o s ta t ic a lly  end In re yard to ivhnormal occurrences 
such as liberation  of yea etc* In most eases the sh ie ld s w e  
Insulated from the tank, tut th is  I s ,  o f  course, no% the ease 
with the 0*f* machine* Tt i s  desirab le that the ancles-end-. 
I t s  surroundings be maintained at a temperature higher,'-than-" 
that r f  the generaX holy o f the tank p articu larly  i t  periods 
o f lip* t  or no load , as otherwise mercury tends to condense. 
on t 1 *"%:.» circumstance t t le n  v e r y  often  r e su lts  in  arc back: . 
d u e  t #  r a p i d  e w s p o r s i lo n  o f : t h e  n e r c u r y  w hen l o a d  i s  p u t  on *  -.
In each o f the i l lu s tr a tio n s  the deionising grid is-’seen .-. 
mount ©1 Isold a toe sh ie ld  bs low the. ©mode* The^grlds' nre 
u sually  constructed so that th#-arc' stra in  passes through m 
ser ie s  o f narrow passages the widths #.f vkich sra Xesa t tm  
th e ir  length to  tbs direcfclon o f t t e  :arc axis* Tt can bo. •••/ 
seen that with th is  type o f cons traction  ..a considerable 
deion ising e f fe c t  Is exerted w ithin a r e la t iv e ly  small apace* 
I t  must h i r**** umbered, however,-, - th a t idien the arc stream* Is  
pas Bing throui&t the- grid during.. :ih©--.an o d stt -permeable period - 
tho abstraction o f  both electrons and p o sitiv e  Ions from .the - 
ore Introdre^s an additional volt&re drop* Actually e/whamth 
of p o s it iv e  len t forms above tho deionising surface vhleb - 
lim its  the number o f electrons str ik in g  ItTto a value venr. - 
much sm aller than would otherwise be the ca se , but eve i so t t#  
lo s s  due to  d iffu sion  o f both p o s it iv e  and n«gstlve p a r tic le s  
may be quite considerable* bo to the present i t  does not • 
teem to  hare bean fu l ly  rea lised  that the deionising grid ; 
serves % u sefu l purpose when the ensde Is  carrying current ;-': 
by spreading t t#  arc and thus he!piny to  avoid*hot - spots*.
The tendency o f the arc*# own magnetic f ie ld  when a heavy- 
currant i s  being carried '.Is to contract the cross section  ©f 
t t#  stream* ■ -. I t  mm found, - to  consequonc#,. - th a t: tt#  maxima 
safe current lo^dttg for any o r e  anode i t  not a fare t  Ion o f . 
I ts  dimensions o^ee \  certain  J lr l t lr g  load i s  reached* th en , 
however, a d e lm ls ir g  grid of-..relatively' small; mesh width is' - - 
Introduced in to  tt#  arc stream In.. c lo se  proximity to  .th e . 
anode t u r f  to #  t t #  ere-Is..-forced, t o  ..spread "out t o  t h a t /  :
concentrat ton on to  %i r e la t iv e ly  lo ca lised  srea e f  the anode 
i s  avoided the current rating o f the o o d e  feesor.es 
proportional to i t s  surface area#
■TXoe actual zm ig r. of a deionising 'grid c a l ls  for some
ear©  b u t  i s  a c t  o f  © s o r r f e e to ls g  d i f f i c u l t y *  i n  t h o  f i r s t  
p l a c e  i t  iK ust b e  b o r n e  t o  m in d  t h a t  d u e t o  t h o  l a s s  w f e l e t a l t  
I n t r o d u c e s  i n t o  t h e  a m  p a t h  a  c o a s ld e r & b le  m o u n t  o f  fee a t  
i s  evolved at t h e  g r i d  i t  s a l t  s o  t h a t  & m a t e r i a l  o f  .h ig h  . 
s a l t i n g  p o i n t  w h ic h  regain  s h o u ld  fee n o n -m & g n ctie  m u st 6 #  m eed#
In cfcrb&in oases graphite hue been used for th is  purpose* but 
I t  i s  &ore usual to  employ aoa^aegnetle s te e ls  the d lsp ositloa  
of the deionising p is te s  requires care fro^ both' thermal -
ana stoeirto& i points cf vle«# In the past grids using-samara
re eh or caneestrle' members ha to fee an used but these ere not .. 
the beet forris to  cspley for the follow ing reasons# . Is. the • 
f i r s t  p la te  with such urz&ngeTcnts tho lr-,n>r te e te r s  lunr* to  
lo se  isost o f tfetir acquired ‘beat fe y  radialton and are* rore-  
over* shielded fej tfeoeo umrfeers - outside them *slth the resu lt  
that them ham to atta in  a fa ir ly  Mrh t corps r&ture to  order 
to radiate to the require I extent* Furthermore* i t  isust tee- 
lorco to mini that il;3 i;rld seta  * to. a. cert gin. extent* as an 
e le c tr o s ta t ic  screen for tho snoia* ec fchst I f  the rash I t  
ra le too s r a l l  to# are toe sons d ifficu lty ;.to  transferring on 
to I t  when I ts  phase sequence requires It* ' If*  ©a the other 
haul* the vesh i s  made fa ir ly  open* it;h a s  been found that 
the etc  has a tendency to cor cent rat# with to  one o f  the . . 
closed pasimpes without cpreading out ever .the: 'remainder.o f  . 
the grid*
fho rest out t o l l  e srr&ngemont fo r  the deion ising p la te s  
would npposa to  con sist to  disposing tfe&n so that th e ir -  
surf acre are parallel" to  tfet d irection  o f the :are and rad ia l -• 
with respect to  I ts  axis* the-outer edges being in  m etallic: 
eon t act., with the wall of the.- shield*. By th is  c out true t  lost: 
the heat received fey tbs toner portions o f the grid i s .  
cor duo tod along the r a ito l veuea to the sh ie ld  It se lf*  •.where.; 
i t  i s  d isposei o f fey x*aclafcl©» or otherwise* .• ifc© toner edges, 
of the vases should rot meet.-at tho centra but should fee free  
m  that there i s  a gap betseeas. every one on4 I t s  neighbours*
A typical arrangement Is Illustrated- to  Fig*S* = Fros- th is  i t  
w ill fee seen that the are stream- Is---not s p lit  up tot© section#  
but i s  free i© spread fr ee ly  over the cross section  o f  the ; 
grid# tn addition © s l ig h t  ezcess ©f deionising, e f fe c t - I s  
©fetal or I at the centre o f the grid fey th is  arrangement* #••.... 
provSolon which f a c i l i t a t e s  uniform spreading*
- It.' i s  desirable that ifee’.wpour in sid e  the euoI ii • shi#M  
should fee superheated In order -to .'avoid condensation o f  liq u id  ■ 
rsreury on I t s  in ternal portions#> in  order to  accomplish t h i s - 
the . anode.- should fee; allowed to. ? m . r e la t iv e ly  hot C nfe©ut. &d$°0»}
and the vapour felsvt tooiild fee controlled  ro th a t ' i t  toads to  •/ 
reduce the pressure in sid e the sh ie ld , the la t te r  being ©pom - 
o n ly • wfeer#.the are fea® access to  i t s  in terior* •.■ f t i t  pedmetlcm ' 
in pressure I s ,  to  I t s e l f ,  of advantage in  reducing sre feselr • 
while to# e j e c t o r  action o f  the v a p o u r  felsst rapidly cbstr&sts 
any foreign gases which n&j fee liberated  to*s$de the s t le l t #
': f i © cathode has to  fee arranged so that to© are cannot w 
ttand©? up the s id es  of the ehnrfeer im i v o  I 5burnta gss there*a  
from* Is  p ractice the v&emsz fc&rk to  insula tod from tfce eslfe**, 
ode* and I t s  p oten tia l Is generally - le f t  f lo n t l r o  Under. . '- to  
these conditions the tonic p oten tia l a s  r u n e  n  ?» value which . 1 . # .  . 
about 10*12 v o lte  p ositive*  with ?*«**>©© t  to the cathode*., f h i t  
Is duo to the fa c t that the parts Of the tohk in the v ic in ity  
cf tiio merstive end c f  toe arc git rear, 3Ue, cathode, c o lle c t  
m  d e c  trim -current white the port to*# In the nol gh tourhood 
of the anodes c o lle c t  a p o s it iv e  Ion etvrror.t* fire© the tsnk  
la  not connected m eta llica lly  to the ext ere e l  c ir c u its  I t  
follow s that these two currents r r s f  fee emeX cr* the potent*: 
i a l  o f the tank adjusts iteeX f e© that* the rate -it which I t  
c o lle c t#  p o sitiv e  !©*'*? i s  ex sctty  equal to  the rate a t nblon \ 
i t  c o lle c ts  e lectron s, - i t  tomfH fee ©bvto^*-, r: or cover, that 
a proportion of the current paseirn thro* fe, the r e c t i f ie r  . 
ustually  tr&verees parts of tfe** I ts  i f  r^I ^oes not pass
through the r id d le  portion® of ctvv*~ * I t  fo llow s
that there w i l l  fe# sa * anode* drop .t the poitio^s #h©r© the  
tcrut eolleofcs electrons and & voltor© drop due to the space 
eh urge ©f the p o s it iv e  ion sheath whe^e co llection , o f those - 
p a rtic le s  -occurs*' fh© produet o f  toe  current c ircu la tin g -in ’ 
the t&nk an I the sum o f these two volto^e drops represents thm • 
deionisation. lo s s  duo to  the tank* to designing r e c t i f ie r  - 
plant i t  la therefore desirable to avoid eorneetlrg ..relatively  
larco oosduetlmg surfaces which vltomted elo*c fco 'the . 
A O ^ a tir e  e&d o f  th e  o r e  s tr e a m  » i t h  s i m i l a r  s u r f  c o o #  * -' a l s o  o f /  
larr© &roa at the p o sitiv e  snd In order to reduce the above 
limtXc&ftd loss* In© Xattsr actually  appears in the tire 
v o lt ego drop from cathode fco anode fceewse the nfesfraotion ;©f , 
p o sitiv e  imm froa. i to  arc-stre&r* n ecessita tes  fdditlcmisX.-..' 
v o l t a g e  t o  p r o v id e  t h e  n o m m m r f  Xm.% f o r  n e u t r a l i s i n g  : - 
electron  space ©I-srge*
• I t  w il l  fee rea lised  that the conclusions reached to'-.th® : 
previous paragraph provide an explanation o f the -action, o f a 
dclontol'cg grid  and lead , moreover* to it- very. In tores tin g  : 
oonelusion* ,■ 1*# have a lr e a d y  o b s e r v e d  that p o s it iv e  lomtoW# :. 
captured fey too surface which Is 'in  the more p o s it iv e  part -, 
o f tho arc ssrs&m* tho p©sittoercharges o f these 1©as being.-,;, 
neutralised  fey electrons irhlefe d iffu se  through t h e  grid .--to h -- 
m a t e r i a l  f r o m  t o #  -o th er' en d *  - ffeo  t o  t e r c e t  l u g  p o i n t  "to n o t  t o #  •;- 
Is t  at t h i s - process • i s ' equivalent to  a condensation o f ■ 
mercury atoms m ' too- mor® p o s it iv e ly  situated  psrta o f too
rrid# A# accumulations o f  liq u id  mercury in th is  way are 
hi to I t  undesirable, i t  I s  Imperative to  run the grid at a 
r e la t iv e ly  high temperature in  order to ensure that the atoms 
© v u o o r a t e  a®  f a s t  a s  t h e y  c o n d e n s e *  T h i s  I s  a c t u a l l y  f o u n d  
to  fee necessary in  practice but ? In gereral^ the problem in 
designing a su itab le  grid i s  to keep I t s  terperatur© within  
s a f a ^ X I n i i s  to avoid fusion etc*
. .. - The cathode dish, i n - .*  l a r g e .  r e c t i f i e r  Is  I n v a r i a b l y  w a t e r
ja ck ette l In order to cxcrele# some control over the vapour 
pressure* The condor.oc-I iseroury oozing from the upper parts --;. .: 
o f the vaomxr chamber - i s  generally led  b-aclr in to the- pool- m.% ■ ;. 
I t s  outside edge, tho supply e f  Fcrcury to th© centre of t1 «?■■"; :y 
pool feeing effected  fey a flow under an in su latin g  arc guito  
o f refractory *caterial such as quarts* Tha lower edge o f  - 
th is  arc gu ile  Is submerged feeler the surfic© c f  the pool and 
the srs Is  prevented from str ik in g  on to  the part o f  the pool 
outside the arc guide by r.eaus- o f su ita b le  b a ffle s  as i s  
apparent in Figs* 4 , E- and 6- By th is  r&s&c any. dust etc* 
brought c!ov?b fey the condensate fro??- the # n ils  o f the tank 
remains f lo a tin g  on the enrfueo o f the rcreury ar&y from the 
active port of. - the pool.* uMeh : tim e. remains 0 osiparatlvcly .. ■ - 
clean* The are guide and cathode are arranged sc ss  to tlis -  
courage the cathode spot trots transferring or; to undesirable 
p la ces , euch as the region o f the cathode insu lator or the 
w ell o f the v&cturs tank*
I t  i s  u s u a l  t o  p r o v  M e  som e do v i e #  i n  t h e  r .e r c u r y  p o o l  
f o r  s t e a d y i n g  t h e  c a th o d e  s p o t *  T h e se  c e v l e e s  o f t e n  c o n s i s t  
o f  c o n c e n t r i c  r i n g s  ©** s p i r a l s  o f  r o ly b d o n u n  o r  t u n g s t e n  w i t h  ~ 
t h e i r  odgQB  o n ly  a e m a il  d i s t a n c e  feo low  t h e  r e r c u r y  s u r f a c e *  
F c r  so n  t r e a s o n ’,  w h ic h  l e  n o t  w e l l  u n d e r s t o o d ,  t h e  c r c  s p o t  
t e n d s  t o  l o c a t e  I t s e l f  l a  c l o s e  p r o x im i t y  t o  0 0 0  o f  t h e s e  
e d g e s  w i t h o u t  w a n d e r in g  a b o u t  o \© r  th©  su r fa c e s  o f  the p o o l*
The c o n tr o l  o f  th e  b l a s t  o f  vapour produced by th e  
c a th o d e  i s  a s u b je c t  which I s  r e c e iv in g  c lo s e  a t t e n t io n  a t  
p r e se n t*  T here h a s  been  a ten d en cy  in  the p o s t  to  p r o v id e  
s o - c a l l e d  co n d en sin g  eh u sh ers  in  th e  c e n tr e  o f  th e  r e c t i f i e r  
w ith  th e  anodes grouped around I t*  S u c h  d e s i r e s  a r e  presism-.- -■ 
&bly clue t o  an im p r e ss io n  t h a t  th e  vapour b la s t  I© -in - t h e . : ... 
n a tu r e  o f  a J e t ,  b u t t h i s  I s  c e r t a i n ly  n o t  t-ha- c a s e ,  ms --it - - 
expends in  o i l  d i r e c t io n s  a f t e r  l e a v in g  th e  r o r e u r y  su r fa c e *
I t  i s  q u e s t i o n a b l e ,  t h e r e f o r e ,  w h e th e r  ’t h e  c e n t r a l  c o n d e n s in g  
chamber provides the best arrangement# Tli# feestlnghous© -'desigr 
I l l u s t r a t e d  i n  P ig  *6 1 c  an  I n t e r e s t i n g  a l t e r n a t i v e ^  t  c  m ajor."  
p o r t i o n  o f  t b s  v a p o u r  b e in g  d e f l e c t e d  t o  t h e  o u t e r *  11b  o f  . 
t h e  c h a r t e r ,  thus u t i l i s i n g  t h e  o o o l i n s .surfaces provided v 
t h e r e  t o  b e t t e r  a d v a n ta g e  th a n  h e r e t o f o r e *  . T he oondersiry 
oh sm h orf' p r o v id e d  o s  t h e  0 ,T # C o , r e c t i f i e r  . i n  f i g .  5 i s  
t o  b o  o f  r e l a t i v e l y  l a r g o  d ia m e t e r  a n d  i s  p r o v id e d  © ItU
m *
additional .cooling surface Its.the forts. o f  a. colled--pipe*-. The 
E nglish .-fleetrie Co*a#--.-rectifier..Illustrated-Its FIg*4 u t i l i s e s  !
o f  cone c a t t le  in  toriml ■ cooling jackets.- - I t  |
should to obvious that the vapour stream w ill  migrate--towards |
regions vher© condensation can most read ily  'occur end i t  i s  , : |
the object of a l l  three o f the above- d esign s/to  ' dispose of. [
the lerge  volume of vepour produced wltnout causing inter-*- . 
ferenee~wlt& the arc stream.-........ -..
In general the vapour becomes superheated ."-soon. • a fte r  '. v ?
leaving the cathode in  consequence o f turbulence. due to rapid 
expansion and neat imparted by arc .stream losses •^ ■•-- -:-..>;
I t  i s  well- teown -.-that a superhoufcod vapour. I s  d i f f ic u lt  to--/, 
condense .asid--.it .JLs' therefore deal ra tio  to-arrange that. the.. ;
f i r s t  - co©ling -surfaces-- with shieh-.-tfee vapour-- b la st comes in to  •• 1
contact act by reducing i t s  temperature at approximately I
constant pressure, thuS extracting the superheat and leading- • . j
the now wet or saturated virpour to pass on to the condensing 
surfaces proper where i t s  latent- heat i s  riyen up to the ,.- 
c o d in g  water. This srringeinent I s  very c lea r ly  i l lu s tr a te d . 
in  F ig*4 where the lower portions o f  the Internal coalers mat 
In th is  way.  - . -  ’ - -
The general conditions for  s ta b il ity  are that th e v a lo u r '■. 
pressure should not be too - high* • otherwise are bask,beeches . 
l ik e ly  while I t  should not be"too low or, e ls#  the *starvation*, 
e f fe c t s  described in  Section ,.¥*. -are- encountered and- r jy  re su lt  f: 
in  are.baek or ®ws hresk&om- o f ; Insulation* . In consequence . 
o f thee# two lim its  fa ir ly - c lo se  temperature regulation o f -  
the r e c t i f ie r  Is  essentia!*-' although modem. designs o f  sued# 
sh ie ld  -..etc* haws helped considerably In- l^row ing .performance i
under. adverse conditions, such as • sta rtin g  up from cold on '% .
h e a v y :  l o a d .  ■  -  :  i |
; 4s already mentioned,, the pressure o f foreign gases 
ru st be.-kept lo$ to  avoid arc hack end I t  la. of..-, in te r e s t ' In this's 
conrectlOB .to mention another d istu rb in g■ phenomenon. which has - - P
occasionally  been encountered. . ■ I f ,  la  a ’'r e c t if ie r  chamber ^ !
gases.and ..wepours-of w idely .-d iffering/Ionisation  o r .resonance " ■.! 
p oten tia ls  arc present -the. arc drop - stay: tend to  flu ctu ate  . ' |
rapidly .-between- two or- j^re/Values dependent upon’ th ese . . . X :j
p o ten tia ls  .-and disturbances are sot up on the ,4.0* sid e o f .'.. I
the- equipment*..V -.-.   Pj
., . , - • - |.
The position" In w&sleh the fien a s  pjjgp auction pipe"Is i
placed requires ©artful consideration in  order to  avoid the . . |
trapping o f  . volumes o f  .: gas ,'alfeerbed daring operation- b y ' the ’ - I
vapour b last* ■ This .eo&tl&ge&ey hat a lso  to'-be-...eonsldered -, . J
whan arranging the .-vapour-, b a ff le s  m d  coolImg- su rfaces. .. . . |
SI*
■■fit*- ' Y h#  co n tr o l ' ■ : t  - -■ - ;
fk&  sp p lica ilosr ©f 'grid c o n tro l to large vmn-m  device© *. j
con stitu tes what i s  pro tabl‘d on# o f the rost revolutionary' : I
advances- sado in  Mgh poser e le c tr ic a l  engineering within the ' [
la s t  few years* £h ile  I t  i s  not 1 Rterdad to  enter Into a ■ i
d iscussion  o f the m ultifarious uses to  which grid control stay 
he put I t  should he rea lised  that the grlrl controlled  vapour. 
device I s  e sse n tia lly  a form o f switch which dispane#© with  
the somewhat. crude a r t if ic e  o f mechanically zs&kiag or Inter** . 
m pttog a 0 o ta llio  circu it*  Instead of attempting to  d e a l - - 
with art arc of a fortu itous and e sse n tia lly  destructive B&tixr# 
sueii as Is encountered when mechanical Interruption of a largo /, 
block o f power Is  or ployed the vapour^eloctrlc device sets- out 1 
with a n *erc the conditions 1b which are undor c lo se  control at 
a l l  t in e s ,  and then n e ilf to s  these conditions in  am orderly  
manner tilth reference to  the properties of a lternating or ‘ 
pulsating currents* In th is  mnner the flow c f  power through 
the device can he controlled with n high degree o f precision  
and without Involving heavy operating or destru ctive forces*
the above rentloncd desirable ch aracter istics  are obtained 
through the agency o f the control electrode or grid , a device  
which concerns I t s e l f  with. the e le c tr o s ta t ic  f ie ld s  Inside  
the vacuum chamber and more p articu larly  in- the neighbourhood 
of the imoies* In puny ways the action  o f  a- em trel.-grld  to  a 
vapour device Is more complicated ‘t^an I t  to In a high waeutm 
tube such as a fcksxmlonto tried©, the additional clrcunstcnces . 
involved being due to  presence of loniaad molecules* In the 
high vacuum tube the grid cherts a eon tr o llin g  Influence upon 
ibe in ter  electrode f ie ld  a t #11 times whether & flow of  
electrons i s  taking place through the grid  of n o t, : a negative ;■
p oten tia l applied to the la t te r  with respect to . the eatfcod#n  ^ I 
hindering th is  flow*and v ice  v%rm* toe f ie ld  clue to the grid  "j
may to th ie  ease h® likened to  as a r t i f ic ia l  space charge, . j
which ©an. be made to  smgaonfc or decre&s© th&t due to  the / V I 
migrating electrons tkc&saXvee*
The mse o f a control grid to  e discharge tx;t-e-• ©oatftl&iiig 
gas or wspour i&lch nay be lout sod presents a d if fe r e n t . a t  at# :
o f a ffa irs*  tilth th is  condition a negative p o ten tia l polled  
to the grid  o f an anode vhen so  earnest i s  passing to i t ,  i* # * ‘ 
ttfhen the gas surrounding i t  i s  not Ion ised , w il l  provost the 
anode from picking up current whether I t s  p oten tia l i s  p o s it iv e  
or sot*
Suppose now that th© grid p o ten tia l Is  temporarily • . ", 
removed or mda p o s it iv e ; Electron a from the arc s tr e ss  w il l  
■differs© through th# -grid si#ah and, -m d ir - th e  stcc#l#r©ttog 
influence o f the anooc vo ltage, w i l l  io n ise  many of th© '
tmtmulmm already pvmmn* In the intervening rpcee, thus 
eons t l tu t  lag an arc discharge#' I f ,  at th is  stage , the 
negative poten tia l o f tbs grid  Is restored , I t  picks up a 
p o s i t i v e  Ion  c u r r e n t  from th e  **ra s tr e a m , a c ir cu m sta n c e  - 
which brings about- the formation o f  a p o s it iv e  Ion sheath 
around the conductors of the gv$A* tor  dsgroo of concent­
ration o f  I ©as In t i l s  sheath w il l  automatically mliust 
I t s e l f  so th a t, a t I t s  l im it ,  tfes space p o ten tia l dm© to  the  
e f fe c ts  o f  negative grid p oten tia l and p o s it iv e  to .a p se © - 
charge conbinsd I s  equal to the normal space potential' In.' -th# 
arc stream at th is  p a in t, or i s  other words, there i s  no 
resultant f ie ld  due to the grid* YMs xsogns, o f course,' --that* 
the nnode current goes on flowing Irrespective o f  the grid  
potential* toe  only uuy to  stop the anode current Is to 
remove the p o s it iv e  * anoio-to-eathede voltage n e c e s s a r y  to  
overoots© the arc drop* then th is  Is  lone and the r e s id u a l  
Ions have tin s  to  d iffu se  the p g il can regain control*
I t  I f  soon  from th e  foregoing paragraph that a c o n tr o l  
g r id  In I o n is e d  vapour can o n ly  co n cern  i t s e l f  w ith, the 
i n i t i a t i o n  o f  a  discharge* t o o  ccOTmtation o f .current from  
an anode h a s  to  he  e f f e c t e d  by a u x i l ia r y  m eans, fch® ront 
general method adopted for t h i s  being dependent upon to v  
periodic properties o f  the a lternating voltages occurs! 0 -ip 
In c ir c u its  associated  %lih. the-device* *"
1C 1th regard to  the 0 0 0  struct ion of. su itab le  control 
grids I t  Is  u s u a l to  incorporate them I s  the anode sh ie ld  In  
the path normally provided for the arc* I t  Is  p o ss ib le , 
where the anode sh ield  Is Insulated from the tank, to u~e 
the s h i e l d  i t s e l f  as a control e lectrod e, b u t• th is  i s  
practice for tb» following reasons*
--I s .  a rca lt i-a n o d o  r e c t i f i e r - o r  slolX&r dovleo ,'tocre  I s  -:' 
always ■©&'excitation  arc In Ut* vacuum cb.sxster.: ln- 
to mny discharge taking p lae* to  the main anodes* ■ toac any • 
extorsive' surface such as the-'exterior o f  an esed# sh ie ld  
when negatively  charged w ill- tend to  pick up a large p o s it iv e  
Ion e u r r o r t*  - i f  a ttem p ts  a re  rmdo to  l i m i t  t h i s  enr^e t  by  
Introducing resistan ce Into t i e  rrid  c ir c u it  the wcl*V' drop 
a c r o s s  to o  .r ssisb & n eo  may m  rec^a©  th e  p o t e n t i a l  ©f ..to© g r id  
■that I t  lo se s  c o n tr o l*  from t i l e  p o in t  o f  v iew  I t  i s  h ig h ly  
desirable to-. giv# th e  c o n t r o l  g r to  a sm a ll e f f e c t i v e  area aid  
It. I s  consequently housed ■ Inside -the shield#-. .
- fn  t o m o  d e c id e  th e  c io i o n i s i n g  g r id  i s c in s u la t e d  from . 
t o e  c h is ld  and i s  u t i l i s e d  o s  m c o n t r o l  e ls e t r c d © , b u t I t  I s  
d n ib t fu l  w h eth er  tt Is-dakth©-. b e s t  p r a c t ic e , t o -.f o l lo w  i n  v ie w  
o f  iL e  d i f f e r e n t  s h s r a c t e r i f t t l c s  r e g u lr o d  f o r  th o  ttro- - 
s e r v i c e s * . In  th e  - f i r s t  p la e s  th e  c o n t r o l  g r id  ch ou ld . m %  m  
as. 0 f . f I 0 lo .a t  fe le e tr o & ta tio  se r o o n  f o r  th e  ta s f io  i b t a  i t  i s
nob eappyiB g c u r r e n t b u t a t  th e  sao*e t i n e  sh o u ld  c o t  
In tro d u c e  m. e -soeae lvo  d e io n is in g  l o s s  c u r ir g  th e  c u r r e n t  
c a r r y in g  p e r io d *  /  dm Ion i s i n g  g r id  , on th e  o th e r  han d , sh o u ld  
t o  p r in £ r l ly  e o s e s r e e l  w ith  g e t t i n g  r id  o f  r e s id u a l  c h a r g es  
anti" sp read  la g  th e  ora  s t r e e t ,  Rguln w ith o u t I n i r o ia c l r g  
e x e s s a lv e  l o s s  w h ile  i t  sh o u ld  r o t  Impede p i c k u p  o f  th e  a r a ' 
trben i t  I s  req u ired *  f o r  c o n tr o l  p u rp o se s  & r e l a t i v e l y  o lo s o  
mesheS g r id  o f  tu n gsten , o r  r o lj t d e r n n  w ir e  ap p ears t o  o f f e r  
t i i#  h o s t  s o l u t i o n ,  w hereas th e  o th e r  ty p e  o f  g r id  c a l l s  f o r  a - 
r e l a t i v e l y  deep  c o n s tr u c t io n  o f  open so o fi six leb  30*7 o r  irsy  
r o t  havfi I t s  p o te n t  I s i  f ix e d  o r  l o f t  f lo a t in g *  I t  con  t o  
se e n  th a t  t o  com bine -th ese  f u n c t io n s  In to  one g r id  I s  n o t  
e a sy  a»& I t  I s  t  h ero  fe r e  q u it e  common t o  f i t  l r'o in d ep en d en t - 
g r i d s ,  th o  d e i e a l e ln g  g^Id h e lr o  o f t e n  in c o r p o r a te d  o s  p a r t  
o f  the anode shield*
I t  M il l  he  r e a l l a e l  th a t  f o r  c r y  g iv e n  p o s i t I r e  p o t e n t i a l  
a p p lie d  t o  an a n c le  th e r e  %,111 be n co rresp o n d in g  l im i t i n g  
n e g a t iv e  p o t e n t i a l  w hich m is t  bo a p p lie d  to  i t s  .a s s o c ia t e d  
c o n tr o l  g r id  in o rd er  t o  p r e v e n t  p ic k  p.p o f  th e  a re  * Tne 
r a t i o  o f  th e  I n s ta n t  .unco us ana la  v o l t a g e  to  t h i s  l im i t i n g  g r id  
b i a s  $© terised th e  f p r ld  c o n t r o l  r a t i o * * In in s p e c t io n  o f  .
F ig*  9  ^ h ich  g ive®  a t y p ic a l  g r id  ? anode v o l t a g e ’ c n .fr m o te r I s t lc  
-?rlXX aho® t h a t  f o r  a I s r ^ s  p a r t  o f  th e  norm al ran ge  o f  - v o lt a g e  
th e  c o n t r o l  r a t i o  i s  a  a on ©taut* ~ '. " .
•;• decent Investigations suggest that the cptiraia condition©
, fo r  e f f i c i e n t  o p e r a t io n  o f  on e n e r g is e !  g r id  &s a c o n tr o l  
e le c t r o d e  a re  g e n e r a l ly  in  a ccord an ce  «rl bn r e c t i f i e r  p r a c t ie ® ,  
S*e* r e s id u a l  c h a r g es  should h e  ran I l l y  d i s s i p a t e d ,  ■ ir tr o n r : -v 
and g a s  p r e s s u r e  m ust t o  k e p t 3.6c and a l s o  th e  vvpour sh o u ld  
preferably he superheated* A promising en&». as y e t ,  almost, 
un tou ch ed  f i e l d  f o r  e n e r g is e d  s c r e e n s  e t c *  l i e s " l a ■t h e i r  u s e  
ms s t r e s s  d i s t r ib u t o r s  In  e x tr a  h ig h  v o l t v g e  r e c t i f i e r s  t o  
reduce • r ia jc o f:: nr o .lack: etc* . a su itab le  • .eodbin&tloii o f  .©ereeae 
with graded p o ten tia ls  could be used to  reduce p oten tia l ■ 
g r a d ie n t  on th e  caode o u r fa c e  c ^raotiirod  *
W itt#  Conclusion*
In t h is ,  the concluding section' c f  the d isserta tion  'the 
w riter f e s le  that nor-# b r ie f refore&oe to developments motr 
proceeding w ill  not be out o f p la ce , although each matters • • 
have siready recBIv e l considerable atten tion  in the general 
technics! press*
The f ie ld  which seers to ha mast profoundly eoacerred 
with development tt in  vupa%:ir~eleatria devices i s  primary 
trr-nsnissior o f noi^er over lorr distances* £ *!* t ran smls s1on :"'; 
has Xorrp toon a  dream  of t h e  e le c tr ic a l e&giaeer,- Introducing • 
as I t  does m ay advantages ever I t s  r iv a l ,  polyphase A*0* ■ I t  
now seems possib le th a t'th is  dream may shortly bccosr-e a 
p ractica l r e a lity  by the agency o f vapoar*electrie converters* 
Xhe high voltages necessary for long: distance transmission 
hsv# h ith erto  provided t-ne main stumbling b lock , hut titer# ' i s  
l i t t l e  doubt that the r e c t if ie r s  and inverters necessary esa  
e# b u ilt  for rated voXlrros up to  100 1?V put e l j  as a e& iter - 
of normal deveXcpneni* There are , however, r-oue d if f ic u l t ie s  
to  ho overcome before such a scheme can ueeu-re a workable . 
proposition* For Inst sue®, the., wave form o f current taken' • 
by an in verter, at the present s ta g e , i s  hardly su ita b le ;fo r  ■ 
overhead 11ns work on account o f telephone Interference #to* 
trow transformer arrsi.p,everts in'combination with other • '• ■' 
treasures should provide a so lu tion  to th is  problem without 
undue* trouble* E®versa! in d irection  o f power flow ess* . 
n e r m l i y  o n l y  b e  & c 3 o ~ !» llsh e 3  b y  r e v e r s a l  o f  X ia®  / v o l t a g e ,  t b #  
current continuing In the sore sen#©* This 'agate • is- a ' 
departure from  normal p ractice which w il l  entail' 'consideration*
111 things considered the !*u* system would-'appear to  ■ 
o ffer  ih# host solution  vhere large blocks of po%er have to  : 
be t-ransm It ted over long distanced* Under those- c o a lit io n s , -'' 
the f l e x ib i l i t y  associated with & X*C* lin k , the elim ination  
o f  reactive  voltage drops e tc* , and eXirlr.atioK of !*tt*f*„ 
switchgear o f  lor  heavy advantage* over the conventional Jufi* 
system*
: .the ' a p p l i c a t i o n s  of t h o s e  d e v i c e s  t o  s u c h  s e r v i c e s  a s  
f r e q u e n c y  c h a n g e r s ,  / .•C + n o tc r *  e t a *  i s  a  f i e l d  a s  y e t  a lm o s t  
u n to u c h e d ,  w h i l e  t h e  t r a i n i n g  g r o u n d  o n  w h ic h  t h e  h ig h , p o w er  
r e c t i f i e r  h a s  grow n  u p ,  n u t s e iy ’t r a c t i o n  s u p p ly ,  l ia s  d e f i n i t e l y  
a c c e p t e d  t h e  r e c t i f i e r  a s  a  u n i t  c a p a b le  o f  g i v i n g  r e l i a b l e  
s e r v i c e  l a  c o n j u n c t io n  w i t h  a d v a n t a g e s  a r i s i n g  o u t  o f  t h e  
p e c u l i a r i t i e s  o f  t r a c t i o n  lo a d  a and  t h e  p a r t i c u l a r  c h a r a c te r * *  ' 
i s  t i e s  o f  r e c t i f i e r  I n s t a l l a t i o n s *
I t ' l a  f e l t  t h a t  l a  v i e w  o f  t h e  p r o b a b i l i t i e s  h i n t e d  a t  
a b o v e ,  t im e  s p o u t  on  d e v e l o p i n g  d e s i g n s  I s  w o X lp w o rth  w h i l e  : 
i n  j u s t  t t i s  turn# w ay u s  t im e  h a d  t o  b e  d e v o t e d  'to  t h e  h i g h  ■
tlioxrilonio valve In o r fe r  to  brlr-r short the r e £ a b l ©  - 
a l v a n t e s  t h s t  h o v e  t r c c x t  r e a l i s e d  I n  r a 5i o  f r e q u e n c y  © r> * i* * e © r in g *
A3 already demonstrnt-ad, the mature o f viponr e le c tr ic  ' -’
devises foes r.ot rrke iliom one cable to  th© conventional, methods 
of design pr&otlsM for cleotfs^gnetlc machir.es* rhetfeer i t  
w il l  ev ir  be possib le  to  adopt these methods ozperienoo only •• 
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mi a ..tra ilin g  ground .for the rove orthodox rrethods to  follow*- •:.
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